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Overview

Timeline

Project Stage Il Start Date: FY11
Project Stage Il End Date: FY15
Percent Complete: 50%

Budget

Total Project Stage Il Funding:
DOE Share: $975K
Contractor Share: $321K

Funding Received in FY12: $47
Funding for FY13: $700K

*Direct funds and in-kind contributions
(not included in total)

Barriers

* Risk Aversion — Industry lacks key performance
data on HVAC loads and truck cab thermal load
reduction technologies

 Cost— Truck fleets operate on small profit margins
and are sensitive to purchase costs for equipment

 Computational models, design and simulation
methodologies — Industry lacks adequate heavy-
duty truck thermal load models

Partners

e Collaborations

5K

O

O O O O O

©)

Volvo Trucks

Daimler Trucks (SuperTruck)
Kenworth Truck (PACCAR)
Oshkosh Corporation

PPG Industries

3M, Aearo Technologies LLC / E-A-R™
Thermal Acoustic Systems

Dometic Environmental Division

e Project lead: NREL

Overview Approach

Accomplishments

Future Work Summary
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Relevance — Project Description

THE CHALLENGE THE OPPORTUNITY
1_ | Solar O
. - v

Reducing the load will enable idle
reduction technologies

* Fleet owners and operators are

e 4 §" economically motivated

» 838 million gallons of diesel fuel used o 2-to 3-year payback
annually for long-haul truck rest period o Direct impact on bottom line
idling* $600

$5.50 -

o 6.8% of total long-haul fuel use **

o More than 2 billion gallons with workday
idling**

* Idlingis done to:
o Heat or cool the cab/sleeper

$5.00
$4.50
$4.00 -
$3.50 -

$3.00

U.S. On-Highway Diesel Fuel Price [Dollars/Gallon]

250

o Keep the fuel warm (prevent gelling) zz_m |

o Keep the engine warm (startup) s150
* Truck fleets operate over a wide range -

of environmental and use conditions o - |

* Stodolsky et al., Analysis of Technology Options to Reduce the Fuel Consumption of ldling Trucks. '{’?h ’»5’?‘3 -3?’6 '»“?;\ \?ﬁ% {g’?’ '\,@QW@N'\.@ A '1563 '\-@b 'Lés\ '15?'%'\59‘:h "PN’Q m"‘\'»'ﬁ@'\-@"&
ng%inégléii?P“—égtimation of Fuel Use by Idling Commercial Trucks,” 85th Annual Meeting of the Data Source: EIA Short-Term Energy Outlook
Transportation Research Board, Washington, D.C., January 22-26, 2006, Paper No. 06-2567. http://www.eia.gov/petroleum/gasdiesel/, March 2012
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CoolCab Smart Goal

Demonstrate at least a 30%
reduction in long-haul truck idle
climate control loads with a 3-year
or better payback period by 2015

» Work with industry partners to develop effective, market-

viable solutions using a system-level approach to
research, development and design

» Design efficient thermal management systems that keep the
occupants comfortable without the need for engine idling

» Develop analytical models and test methods to reduce

uncertainties and improve performance in idle reduction
technologies

Overview Approach Accomplishments Future Work Summary
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Milestones — Combined Project Plan

FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
Q1 Q2 Q3 Q4| Q1 Q2 Q3 Q4 Q1 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
M1. Quantify impact of advanced insulation on cab idle reduction systems /"
COOIcab M2. Quantify impact on paint, films, and glazings on cab idle reduction systems w/

M3. Design idle reduction systems using zonal, comfort based, and ventilation control approaches
M4. Develop effective advanced cab design in collaboration with industry partners
Work with industry partners to demonstrate fuel savings

Wrote user guide and prepared first release of CoolCalc w
M2. Add functionality for full modeling process within the GUI environment, from geometry to loads. wA
M3. Enable rapid parametric design analysis tools to estimate impacts on fuel use and payback period.
Work with industry partners to demonstrate fuel use and payback-period driven design.

CoolCale User Guide

Population

Payback Period
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Approach — System Level

System Level Solution

Reduce Load

Efficient Delivery
Efficient Equipment

Reductions in load have a larger impact on fuel use due to
equipment and delivery losses.

Overview Approach Accomplishments Future Work Summary
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Approach — Advanced Technologies

Insulation & Advanced

Advanced Materials Seating — Low
Mass

Advanced
Infrared- Glazings or
Reflective Shades
Materials

Advanced.dle-

- Efficient
Reduction Systems
Comfort-Based Ad d vAC
e el . vance Equipment
Air Distribution Controls
Overview Approach Accomplishments Future Work Summary
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Approach - Suite of Tools

Computational
Fluid Dynamics -
Fluid Flow

CoolCalc Testing

Load Estimation

In-Use
Validation
HHHHHHHHH A/C Model —
Compressor
Power

Vehicle Modeling

Overview Approach Accomplishments Future Work Summary
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Approach — CoolCalc
Rapid HVAC Load Estimation

e  Advantages Leverages:
o Physics-based model, no meshing ; | ; * EnergyPlus
o Flexible geometry  OpenStudio
o Less time intensive .
o Excludes unnecessary detail COOLCALC SketchUp
o Easytouse

e Applications

o Trade-off studies
o Technology impact estimation
o Preliminary design 1.
o Focus more detailed CFD studies
Key Input Parameters
o Truck cab geometry
o Material properties
o Climatic conditions
o A/C System settings

Outputs

o Thermal loads for various weather &
operating conditions

o Potential load reduction estimates
o Fuel use impacts

1. Lustbader et al., “CoolCalc: A Long-Haul Truck Thermal Load Estimation Tool,”
SAE World Congress, Detroit, Ml, April 12-14, 2011, Paper No. 2011-01-0656

Overview Approach Accomplishments Future Work Summary
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Autonomie

\ Tamb’ Qevap / \ Pcomp(Tambs Qevap)j \Fuel Use (Tamb’ Pcomry

A 4

[Fuel Use (T,mps Qevap)]
|

Fuel Use Rate
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Approach — CoolCab Project Phases

* Phase | — Baseline Testing and Model
Development
o Characterize test truck performance as received
o Calibrate control truck
o Build and validate CoolCalc models

* Phase Il - Thermal Load Reduction
o CoolCalc and A/C model studies
o Modify vehicle with thermal management technologies
o Measure impact on temperature and heat loss

e Phase lll - Idle Reduction

o Characterize the impact of thermal load reduction
technologies on idle reduction systems

o Measure A/C and heater load reduction
o Model fuel use impacts over range of operating conditions

Overview Approach Accomplishments Future Work Summary
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Accomplishments — CoolCalc Development
Code Improvements & New Features

* Improved organization, documentation 4@ projects -
and stability of source code 4 | Untitled
o Implemented “project-based” file 1. HVAC
structure .. Output 1
o Created Bug Tracker for error reporting | Parametrics
and new feature suggestions N Textures
o Developed error-submission process WeatherFiles
| -
Overview Approach Accomplishments Future Work Summary
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Accomplishments — CoolCalc Development
Code Improvements & New Features

 Improved organization, documentation
and stability of source code

o Implemented “project-based” file
structure

L=
w

o Created Bug Tracker for error reporting
and new feature suggestions

[
o

o Developed error-submission process

=
w

 Developed and implemented custom
interior convection models

=
o

o Correlations created from CFD simulations
for light- and heavy-duty vehicles

Ceiling Wall Floor | Window
R?2=0.9994| |R2=0.9894| |R?=0.9983| |R*=0.9467

u

o Separate correlations applied to four
surface types: Floor, Wall, Window and

Interior Surface Convection Coefficient [W/m?-K]

Ceiling 0 _ _ _ _ _ _ _ _
0 20 40 60 80 100 120 140 160
Air Exchange Rate [ACH]
Overview Approach Accomplishments Future Work Summary
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Accomplishments — CoolCalc Development
Code Improvements & New Features

 Improved organization, documentation

and stability of source code (B HVAC Systems [
o Implemented “project-based” file ~ Add New System
structure System Name: |Hunc_5ystem Add
o Created Bug Tracker for error reporting _
d feature suggestions [
ananew &8 -4 Untitled
o Developed error-submission process Bl HVAC_System
------ O Sleeper
 Developed and implemented custom
interior convection models
o Correlations created from CFD simulations
for ||ght' and heaVY'd uty vehicles Drag and Drop Zones to Assign Them to HVAC Systems
o Separate correlations applied to four - Availsble Zones
surface types: Floor, Wall, Window and -4 Untitied
s i Toolbox
Celllng ----- @ Fairing
e  Default HVAC system and GUI B e
implemented
o Reduces development time for new users
o Heating, air-conditioning or both Apply Close
o Apply to any zone (cab or sleeper)
Overview Approach Accomplishments Future Work Summary
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Accomplishments — CoolCalc Development
Code Improvements & New Features

* Object Browser GUI expanded to
cover all EnergyPlus objects

’ﬁ-\— Object Browser g
*X ® | mE -

L= ] Current Model
1468 Untitled
E-fJ BuildingSurface:Detailed
&-fJ Construction
E-(J) FenestrationSurface:Detailed
&-(J GlobalceometryRules
E-(J Material
E-(J MateriakAirGap
E-(J RunPeriod
E-(J Schedule:Compact
B ScheduleTypelimits
E-(P SimulationControl
E-(J Site:Location
B SizingPeriod:DesignDay
E-£P SurfaceConvectionAlgorithm:Inside
E-£P SurfaceConvectionAlgorithm:Outside
. Timestep
. Vehicle (EnergyPlus Building)
. Version
. WindowMateriakGas
. WindowMateriakGlazing
' Zone

I8 Library

Overview Approach Accomplishments Future Work Summary
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Accomplishments — CoolCalc Development
Code Improvements & New Features

* Object Browser GUI expanded to

. ( — Run Simulation u
cover all EnergyPlus objects
Input |Dutput| Parametrics
* Run Simulation GUI was enhanced [ Run Contral
v simulate Design Days
o In put ta b: ¥ Simulate Weather Fie
—  Control simulations with design [ Design Day Smuations
days, typical meteorological year v summerbesgnbay t
(TMY) weather files and run
periods
Edit Design Days |
—Weather File Simulation
EPW Path: I Browse |
Download weather files at  www.energyplus.gov
" Annual Simulation
% Use Run Periods
Run Periods
M : v Annual
ame | i
Start: Im Il—ﬁ
Remaove |
End:  [December v| [31
Run Simulation | Close |
Overview Approach Accomplishments Future Work Summary
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Accomplishments — CoolCalc Development
Code Improvements & New Features

* Object Browser GUI expanded to
cover all EnergyPlus objects

— Run Simulation u

Input Output |Parametrics|

* Run Simulation GUI was enhanced Output Flcs
File Create Display File Create Display
o Input tab: adt 7T o R
. i . i .bnd - r eso [ -
—  Control simulations with design - B R mid
days, typical meteorological year ed T md T
(TMY) weather files and run sa L wad T
pe riods —Output Variables
Populate Variables |
o Output tab:
Available Output Variables Selected Qutput Variables
— Populate list of available output Outdonr Dow P " Difse Sor
i i i Add Ltaoor Dr Ul
variables & custom-define list roto I Quidoor Dy BB ity
. Outdoor Relative Humidi e W!nd Direction
—  Select variable groups and Outdior et Bulb LT i

Sk Rrinhtness for Daviiohting ™
a4 i [ 3

control output files

—Output
¥ Report zone temperatures (MAT and MRT)

[ Report inside and outside surface tempuratures

—Options

¥ Close Prompt On Simulation End

Run Simulation | Close

Overview Approach Accomplishments Future Work Summary
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Accomplishments — CoolCalc Development

Code Improvements & New Features

* Object Browser GUI expanded to
cover all EnergyPlus objects

e Run Simulation GUI was enhanced

— Run Simulation

o Input tab:

Control simulations with design
days, typical meteorological year
(TMY) weather files and run
periods

o Output tab:

Populate list of available output
variables & custom-define list

Select variable groups and
control output files

o Parametrics tab:

Access parametric variables
defined for object parameters
and weather files

Setup multi-dimensional (up to

Input |Dutput Parametrics
¥ Use Parametric Simulation

—Add Parametric Variable

Variable Type: ¢ Field

& Weather Group

Variable: |$Weat+|er

Add to Current Group |

=

—Active Parametric Variables

Groups Variables

InsulationGroup SWeather

WeatherGroup

4 T | »

Add Group | Remove Group |

Remove Variable |

—Simulations

v | SInsulationThickness-0.0_g\Weather-Chicago, IL
v | &InsulationThickness-0.0_sWeather-Galden, CO
v | &InsulationThickness-1.0_sWeather-Chicago, IL
¥ | &InsulationThickness-1,0_sWeather-Galden, CO
v | SInsulationThickness-2.0_g\Weather-Chicago, IL

SInsulationThickness-2.0_S\Weather-Golden, CO

MNumber of Simulations: 5

Run Simulation Close
full-factorial) parametric
simulations to run sequentially
Overview Approach Accomplishments Future Work Summary
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Phase | — Experimental setup

Vehicle Testing and Integration Facility, Golden, CO

e Test truck, test “buck” cab, control “buck” cab

o South-facing vehicles

o Buck firewall shade cloths
* Local weather station at test site

o Solar, wind, ambient temperature, pressure and RH
 Dometic A/C Systems: 2,050 W (7,000 BTU/hr)

o Set points of 22.2°C (72°F) and 26.7°C (80°F)

40 thermocouples per

vehicle:
* Air and surface locations,
following TMC

recommended practice
with additional locations

¢ Ug=+0.3°C

(1) Cab and (2) Sleeper thermocouple locations, dimension A=12", B=6", C=18",
blue — TMC standard [5], red — NREL added

Overview Approach Accomplishments Future Work Summary
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Phase | — Calibration Validation
Test Truck and Test Buck validation indicate high accuracy in calibration routine

Calibrated Test Truck Calibrated Test Buck
>0 Test Truck > Test Buck
45 | Control Buck /J /—\ . | Control Buck ﬁ/f
-—=--Calibrated Control i : - - - Calibrated Control Buck
= 40 =

:: =
) S
i —

15 T T T T T T T T 1
5AM 6AM 7AM 8AM 9AM 10AM 11AM 12PM 1PM 2PM 3PM

4
4
e

e

w
o

N
w

Sleeper Air Temperature [°C]

Sleeper Air Temperature [°C]
w
w

N
o

15 T T T T T T T 1
5AM 6AM 7AM 8AM 9AM 10AM 11AM 12PM 1PM 2PM 3PM

Time [MST] Time [MST]

Blue bands indicate periods of peak solar loading (11:00 am — 1:00 pm MST)

For peak solar loading time of 11:00 pm to 1:00 pm
e Calibrated Test Truck (left): within £ 0.6°C
e Calibrated Test Buck (right): within £ 0.4°C

Overview Approach Accomplishments Future Work Summary
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Phase | — A/C Calibration
Strong correlation between Test Buck and Control Buck A/C loads

9.0 ra
¢ Calibration Data
85 | Additional Test Days ’
-------- Linear (Calibration Data)
8.0 -
= 75 Sl
= &
5 T
a 7.0
2 . R? = 0.9999
a g
&)
< 6.0
- -
:
2 ss
e "
0
250 &
4-5 T T T T T T T 1
3.5 4.0 4.5 5.0 55 6.0 6.5 7.0 7.5
Control Buck A/C Energy [kWh]

Additional Test Days
e Partially cloudy weather, not included in calibration
e Confirm relationship between two test configurations

Overview Approach Accomplishments Future Work Summary
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Phase | — CoolCalc Model Development
Developed CoolCalc model based on experimental setup and collected data

 Model drawn from CAD geometry
* Material properties and wall constructions provided by Volvo

e Airinfiltration test results and other measured parameters used
as model inputs

 Simulations used actual weather data

Overview Approach Accomplishments Future Work Summary

NATIONAL RENEWABLE ENERGY LABORATORY



Phase | — CoolCalc Model Validation

Actual NREL site weather days were used as inputs to the model

Normalized weather conditions for three consecutive thermal soak validation days

1.2

N , ik

0.4 ” i

—Wind Speed
—Direct Solar
——Ambient Temperature

w 1 :

c

2

=

S8 I

o 0.8 7_

o

1

()]

i o

rer}

@

s

©

L

e

©

S

| S

o

2
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Phase | — CoolCalc Model Validation

Model results closely match test data

60

u
o

M 7 A
\J I \JI N\

oy

i
o

o] w
o o
g

Sleeper Mean Air Temperature [°C]

11 AM-1 PM MST
10 —Test Results
—Model Results Max(ATrest.mogel)= 0.89°C
0 ............................................................
DAY 1 DAY 2 DAY 3
Blue bands indicate periods of peak solar loading (11 am - 1 pm MST)
Overview Approach Accomplishments Future Work Summary
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Phase | — CoolCalc Model Validation

CoolCalc tracks the sun and captures diurnal solar impacts

60 - -

i HE 3£
_ g B

—cy —

ﬁ - 5:00 am 7:00 am

m I A A

5 3 3t

( 40

£ I 12:00 pm 3:00 pm

230

s= 7 2 o *

£ |

S C 3

v 20 ¢ 7:00 pm 9:00 pm

() L

'E - | =——Test Results - Driver Wall

E 10 | —CoolCalc Results - Driver Wall

------- Test Results - Pass. Wall

Overview Approach Accomplishments Future Work Summary
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Phase Il — Technologies for Evaluation
Opaque surface treatment

* Evidence from light-duty [R-Reflective
i Materials
vehicles
o Opaque surface treatment could "=

reduce breath air temperature
by 28% of theoretical

Advanced
Glazings or
Shades

maximum”
o A 4°-6°Creduction in cabin air
temperature with a silver car Advancedidies S ient
5 Reduction HVAC
compared to a black car Systems Comfort- Advanced  Equipment

Based Air Controls
Distribution

Heavy-Dut Light-Dut
S Larger
- Impact

* Rugh, J., Farrington, R. Vehicle Ancillary Load Reduction Project Close-Out Report, National Renewable Energy Laboratory, NREL/TP-540-42454, January 2008.
** Levinson, R., Pan, H., Ban-Weiss, G., Rosado, P., Paolini, R., Akbari, H. “Potential benefits of solar reflective car shells: Cooler cabins, fuel savings and
emissions,” Applied Energy, 2011, 88, 4343-4357.

Overview Approach Accomplishments Future Work Summary
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Phase Il — CoolCalc Absorptivity Study

Validated CoolCalc model used to predict impact of paint absorptivity

60
i Black
i : (a=0.95, £ = 0.95)
s | 11 AM-1 PM Average N Blue B

Belack—swhite = 35.4% %’f _ (a=0.88,¢=0.95)
BBIack—)SR Blue — 18.4% A o S AU W IREEEEEE SR Blue™ (estimate)

- (a=0.65,£=095) |-
— 0 . .
BB'UE%SR Blue — 14.6Al ‘... b | '.. ......... White
(a=0.37, £ =0.95)

U1
o

=
Ul

ey
o

w
[¥]

w
o

[R]
(93]

Mean Air Temperature, Interior [°C]

P, | T T
20 /8: unmodified mOdlﬁedXIOO%

Tunmo dified Tambient

15 — ; — ; — ‘ — ; — ; " |
12 AM 2 AM 4 AM 6 AM 8 AM 10AM  12PWM 2PM 4PM 6PM 8PM 10PM 12 AM
Time [MST]
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Phase Il — Thermal Soak Testing

31% of maximum air temperature reduction from a black to white colored cab

35

s Black Paint

50 White Paint (Control) /
- = Ambient

a5 —

o -

35 / /
/ B=31.1%

30 /
25 // ...""'_'-'
20 // P

_--
- -
15

Average Interior Air Temperature[°C]

L
1{} I I I T T T T T T 1
5AM 6AM 7AM BAM 9AM 10AM 11 AM 1Z2PM 1PM 2Z2PM 3 PM = =
ﬂ Tbaseline _Tmodiﬁed IOO(V
Time [MS o = ' 0
[ T] T baseline — T ambient
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Phase Il — Thermal Soak Testing

Using all curtains, measured a 21.8% of maximum possible sleeper air temperature reduction

40
_ e CUr tain s Closed
[
o = Curtains Open (Control)
v 35 - .
5 = = Ambient
o
]
o 20
E
2
| =
— 25
<L i
e -
2 .-
a 2{:} . . “1
a F 4
7 -
L s =
? 15 #
o w
<1

1{:} I | | | I I I | I I . .

5AM 6AM 7AM BEAM 9AM 10AM11AM12PM 1PM 2PM 3 PM T basciine _Tmodiﬁed
Time [MST] p== T 100%
T baseline — T ambient
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Phase Ill - A/C Power Consumption

20.8% reduction in daily A/C system energy switching from a black colored cab to white

600

| Black Paint

@ White Paint - Control

Hourly Average Air Conditioning Load [W]

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Time [MST]

Two day average

Overview Approach Accomplishments Future Work Summary
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Phase Ill — A/C Battery Evaluation

_16.7% reduction in A/C battery capacity & 22 kg weight reduction with no additional cost

20.8% reduction in daily A/C power consumption
translates to:

1001 W-h battery energy savings over the daytime test period
 16.7% reduction in battery capacity

22 kg reduction in battery pack weight

Standard System Battery Pack

1000W-h Reduced A/C Load Battery Pack
1000W-h 1000W-h 1000W-h 1000W:-h
1000W-h 1000W-h 1000W-h 1000W-h 1000W-h 1000W-h

Overview Approach Accomplishments Future Work Summary
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Fuel Use Estimation Methodology

Model
Inputs

Thermal Load (t)

Ambient Temp (t)

Long-Haul Truck
Vehicle Parameters

Overview Approach Accomplishments Future Work Summary
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Fuel Use Estimation Methodology

HVAC System Map

HVAC Load

Thermal Load (t)

Ambient Temp (t)

NATIONAL RENEWABLE ENERGY LABORATORY

Long-Haul Truck
Vehicle Parameters

Autonomie

HVAC
Load




Fuel Use Estimation Methodology

HVAC System Map

Model
Inputs

HVAC Load

Thermal Load (t)

Ambient Temp (t)

HVAC
Load

Vehicle Fuel Use Map

Long-Haul Truck
Vehicle Parameters

'_?'

[F = I

),Lu' —

Fuel Use (t) @ Autonomie
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Fuel Use Estimation Methodology

% of Long-haul Truck Population

Ha

/N

—Improved Technology

—Baseline Technology

\

\ {30= 99.7%

" ,

=
/NN
[ A

Freight Efficiency or Payback Period

Overview

Approach

Accomplishments

Future Work

Summary
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Fuel Use Estimation: Example Application

Understanding use distribution is crucial for systems design
Map of Colorado TMY Data

€l

Sleeper A/C System Battery Sizing

Design Criteria: G
* Colorado TMY summer, June — August = L )
* Average of six major Colorado cities 2

e Cab paint color, black versus white

ananan

* Size batteries for 95% versus 99% of days

Alamosa
Dmrgng
100
5 m Black Cab 99% 99%
1 White Cab 4.8 kW-h 7.5 kW-h
" 80 -
E 70 -
- R S
£
& 50 —
S
5 40 -
=
E 30
4
20
10 -
0.5 1 1.5 2 2.5 3 3.5
Daily Electrical Load, kW-h
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Fuel Use Estimation, Next Steps 2013
National level analysis required for accurate technoloqgy evaluation

* Incorporate vehicle model for
HVAC load -> Fuel Use

* Expand to national level climate
evaluation

* Apply driver work behavior
statistics

Pt

:::::

nnnnn

50 most populated US cities

Ot Margear

T -
<,
w
Fagn

......

------

......

E Ha —Improved Technology |
End RESU't: ‘—é //i\\ —Baseline Technology
National level fuel use % / a
and payback period =L/ NN ———
estimations for load £ // // \\ \\ —
reduction technologies g a4 BN N ':'

R [ i | v S~V

Freight Efficiency or Payback Period
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Collaboration

e 215t Century Truck Partnership
e Kenworth
— Fully instrumented and tested for thermal-load measurements
— Developed, validated, and released CoolCalc model
e Volvo Trucks
— Completed thermal testing
— Developed and validated CoolCalc model,
— CoolCalc model application in progress
e Daimler Truck, Super Truck Program
— Completed thermal testing of Super Truck
— Developed and validated CoolCalc model
e Oshkosh Truck
— CoolCalc Beta testing
— CoolCalc modeling
e PPG Industries
— Evaluated advanced paint technology
e 3M Renewable Energy Laboratory
— Evaluated solar reflective film
e Aearo Technologies LLC / E-A-R™ Thermal Acoustic Systems
— Evaluated insulation packages
eDometic Environmental Corporation
— Evaluated electric A/C system
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Proposed Future Work

* FY13

o Test advanced climate control load reduction
technologies with an emphasis on advanced controls
and thermal comfort, leveraging new capabilities

o Complete fuel use and payback period analysis process

— quantify fuel savings and economic trade-offs for technologies
over a wide range of use and weather conditions

o Release new version of CoolCalc to industry partners
- FY14

o Bring together knowledge and tools to develop and
demonstrate full cab thermal design concepts to
meeting project goal

o Improve capabilities and use CoolCalc to assist with fuel
use and payback-period driven design

Overview Approach Accomplishments Future Work Summary
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Summary

DOE Mission Support

o Overcome barriers to the adoption of market-viable
and efficient thermal management systems that keep
the cab comfortable without the need for engine
idling, helping to reduce the 838 million gallons of fuel
used for truck hotel loads every year

* Approach

o Work with industry partners to develop effective,
market-viable solutions using a system-level approach
to research, development and design

— Address thermal load reduction of the cab, effective
delivery of conditioning to the occupants for thermal
comfort, and the use of efficient equipment

Overview Approach Accomplishments Future Work Summary
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Summary

* Technical Accomplishments

o CoolCalc
— Improvements to capabilities and robustness, released to partners
— Used CoolCalc to inform testing
— Developed process for fuel use driven design

o Truck Testing

— Paint color, black to white
= 31% of maximum air temperature reduction
= 20.8% reduction in daily A/C system energy

= 16.7% reduction in A/C battery capacity & 22 kg weight reduction with no additional
cost

— Encouraging modeling results for solar reflective paint
— 21.8% of maximum possible sleeper air temperature reduction using curtains

e Collaborations
o Volvo Trucks — testing, analysis, and CoolCalc model development

o Daimler Trucks — supported Daimler’s Super Truck program through testing and
analysis

o Kenworth Truck — extended Cooperative Research and Development
Agreement (CRADA), CoolCalc beta testing

Oshkosh Corporation — CoolCalc beta testing and application
o PPG Industries — tested paint impacts, looking at advanced paint in spring

Dometic Corporation’s Environmental Division— evaluated no-idle, battery-
powered A/C system

o 3M —evaluated solar reflective film technology

o Aearo Technologies LLC / E-A-R™ Thermal Acoustic Systems — tested
commercial and advanced insulation packages
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Advanced Vehicle Technology
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For more information:

Principal Investigator:

Jason A. Lustbader
National Renewable Energy
Laboratory

Jason.Lustbader@nrel.gov
303-275-4443
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